Résumé. 2014 Un Hamiltonien du type Ginzburg-Landau décrivant des systèmes de molécules en forme de disque dans la phase en colonnes est utilisé pour étudier les propriétés de la transition de la phase en colonne à la phase cristalline. Près de la température de transition et dans la phase en colonnes, l'augmentation de la constante élastique de courbure est obtenue par un calcul de perturbation. Le mécanisme de couplage avec la jauge, qui mène à une transition du premier ordre dans le cas du supraconducteur ou de la transition nématique-smectique, laisse ici une transition continue. Un terme de couplage de la forme trouvée pour les aimants compressibles pourrait mener à une transition du premier ordre pour un couplage suffisamment fort Nos résultats sont brièvement comparés avec ceux de Kats.
Introduction.
The existence and the stability of two-dimensional crystals in a three-dimensional space is based on Landau-Peierls theorem [1] . This phase of matter was experimentally found by Chandrasekhar, Sadashiva, and Suresh [2] in a thermotropic liquid crystal system. The simplest example of such a phase consists of an array of tubes which are parallel to each other and composed of a stack of disc-like molecules with their normal directions along the tube axis. In the plane perpendicular to the tubes, there is a two-dimensional lattice structure while there is no long-range order in the direction parallel to the tubes [3] .
In the so-called columnar phase [3] , the ordered two-dimensional structure is a triangular lattice. The elastic properties of this phase have been discussed by Prost and Clark [4] . Here, we introduce a GinzburgLandau free energy which includes the elastic free energy of Prost and Clark and a coupling of the elastic strains to the order parameter in order to discuss the transition from the columnar phase to the three-dimensional crystalline phase [5] .
In section 2 we introduce a model which includes a coupling of the gauge field type. In section 3 we use mean field theory to investigate the influence of the coupling between the order parameter and the elastic degrees of freedom on the order of the transition. We also calculate here the enhancement of the elastic constants of the columnar phase near the transition to the crystalline phase. In section 4 we present a discussion of the transition based upon a renormalization group calculation. In section 5, we introduce the coupling mechanism present in compressible magnets and discuss the possibility of a first order transition for large coupling constant Finally, in section 6 we briefly summarize our results and compare them with those of Kats [5] .
ModeL
The symmetry of columnar phase is D6h and, also, it has translational invariance along the C6 axis which is broken at the columnar-crystalline transition. [5] .)
In equation (2) n is a unit vector, the director, which describes the local orientation of the tubes. In the columnar state n has an average direction parallel to the C6 axis and we will choose the z axis to be in this direction.
We now write down the elastic free energy. If u., and uy are displacements in the plane perpendicular to C6 axis then the elastic energy, Fe, will be [4] where B°, D °, and KO are bare elastic constants. The first two terms correspond to the deformations of the hexagonal lattice [4, 6] and the last term is the bend energy [4] . For our purposes it is not necessary to include the usual bulk dilation energy and the coupling between the bulk and the tube dilations [4] . We now allow for fluctuations of the director field, denoted by bn = -(6n.,, bny, 0). Here n = no + bn with n being the local director and no the average director. Then the total free energy can be written as [5] where a =a+ -L q 2 C11 and b = 2 b.
The relations between bn and u we take to be those given by Meyer [7] for an infinite chain polymer nematic, namely
The relations should be compared with those given by Kats [5] in his equation (15 In equation (7) the subscripts 1 and 2 refer to the components of vectors in a coordinate system in which the basis-vector el is parallel to the projection of k in x -y plane, and ê2 is in the same plane but perpendicular to e 1 as shown in figure 1 .
In equation (7) a summation convention for the repeated index i from 1 to 2 is implied. Note that because of the assumed D6h symmetry of the columnar state the elastic free energy has a simple form in this coordinate system [6] .
We calculate the enhancements of K3 3, B, and D by treating the terms that appear in F' as a perturbation. The calculation follows that of Chen and Lubensky [10] . The form of the diagrams and Ward identity is the same. The only change is that in this case we work with a complex order parameter, and and where the subscript naught means a statistical mechanical average with Fo alone occurring in the Boltzmann weight factor.
Equations (8a) and (8b) are to be compared with equations (3. 5a) and (3. 5b) of reference [10] . Our vertex can be read off from equation (7) and is where i is 1 or 2. Our computation then follows reference [10] and we find no enhancement for D and B while the enhancement of K33 is where f II is the correlation length parallel to the tubes.
To investigate whether the phase transition is first order or second order, in the presence of the order parameter-elastic interaction. We will follow the so-called generalized mean field approximation [8] .
If the temperature T -Tel is not extremely small, we can neglect the fluctuations of ql and suppose I ql I to be a constant in space. Equation (4) (15) and (13) (16), (17) , and (18).
Contrary to the superconductor case [8] , in which a cubic term with a negative coefficient appeared in the effective free energy, a quintic term with a positive coefficient appears here. Thus, if the renormalized value of the quartic term is positive [11] , the effect of the coupling between the elastic degrees of freedom and the order parameter, in mean field theory is to leave the columnar-crystalline transition as second order.
We now turn to a discussion of the phase transition by means of the renormalization group.
Renormafization group calculation
In this section we follow the work of Lubensky and Chen [12] Similarly, in cases 3) and 4) either one of the other of D and B is zero which does not correspond to the hexagonal order of the columnar state. In other words, cases 2) through 4) do not correspond to the columnar system and will not be considered further.
Case 5) gives u jj -E 2 .
For small s, this is a finite number. However, the renormalization group procedure [12] is to remove the degrees of freedom within a thin spherical shell, as we did above, with the assumption of p small to first order in B. Since finite p does not correspond to the procedure used to find JlII we will discard this case. Now, the only case among the five which can be employed to describe the columnar system is the case 1).
In the subspace spanned by fl, f2, and f3, case 1) gives following fixed points :
Case a) is so-called Heisenberg fixed point which corresponds to order parameter being completely decoupled from the elastic field (i.e. qo = 0 or D, B, and K33 infinite). The mean field theory as discussed in section 3 would give no enhancement of K33. This fixed point is unstable with respect to turning on the perturbation f3.
In case b), when we put the fixed point values into (32a) and (32b). we find h = 12 = 0, and from (31 a) and (31 b) we get p I I = 0, l1u = 0 (to first order in s). Linearizing (3 3) In equation (36), 0 is the volume of the system and we have already separated the homogeneous deformations, efg, from the phonon parts of the displacements [15, 16] . Suppose the system has free boundary surfaces. Then we can follow Sak [15] and de Moura, Lubensky, Imry and Aharony [16] [16] .
So far our discussions are very similar to that in the smectic A-smectic C system (see section 5 in Ref [16] ) but in the A-C system v = 0. Kats' consideration leads to a decrease in the effect of the elastic degrees of freedom on the phase transition. In particular we find that the transition in our model, which includes a coupling of only the gauge field type, is second order whereas Kats found a first order transition. Moreover, we find that the critical exponents are unaffected by the coupling of the order parameter to the gauge field When we consider the kind of coupling discussed in section 5, for small coupling constant (u &#x3E; 0), the phase transition is second order; whereas for large coupling constant (u 0) the phase transition is first order. We note that the transition was found experimentally to be first order [2] for the compounds in which the symmetry of the columnar phase was apparently hexagonal.
In our calculations we have assumed the symmetry of the columnar phase to be hexagonal. If the symmetry is instead rectangular, then the form of the coupling in equation (35) will be unchanged. However, the form of the elastic free energy will lead, as in reference [16] , to anisotropy (in the plane perpendicular to the columns) in the potential OJ introduced in equations (41) and (42). The effect of such anisotropy is presently under investigation.
